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NATIONAL ADVISORY COMbETTEZ FOR AERONAUTICS 

RESEXRCHMEM0RANDUM 

for the 

Air Materiel Command, U. S. Air Force 

FREF3l?INNING,LONGI!l!UDINAL-TRIM, AND TUMEKLING CHARACTl3RISI'IC!S OF A 

&SXLE MODEL OF THE CONS~LIDATRD VuLTEE ~~-813 @R~TOI.YPE 

OF XP-92) AJlEL&EASD~lNTHELANGLEY2~0~ 

By Ralph W. Stone, Jr. and Richard P. White 

SUMMARY 

An investigation has been conducted in the Langley 20-foot free- 
spinning tunnel to evaluate the spin, longitudinal-trim, and tumbling 

characteristics of a $-scale model of the Consolidated Vultee 

MM313 airplane. The effects of control position were determined for 
the model ballasted to represent the airplane in its design gross weight 
loading. 

The model, in general, would not spin but demcnstrated a tendency to 
trim at very high stalled angles of attack. Static tests substantiated 
the dynamic tests as regards the trim characteristics. Movement of the 
elevator, however, from up to slightly down was effective in pitching 
the model from stalled to normal trim attitudes. The model would not 
tumble. 

INTRODUCTION 

At the request of the Air Materiel Co-d, U. S. Air Force, tests 
have been performed in the Langley 20-foot free-spinning tunnel to 
evaluate the free-spinning characteristics of a -&-male model of the 

Consolidated Vultee M&813 airplane.' Force tests and tests with the 
model free to pitch were also performed to determine the longitudinal- 
trim characteristics of the model at attitudes above the stall. Tunibling 
tests were also made. 

_* -,--_-.._-.-~--__ ~-~ ____. -. .-.-.. _ 
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The m-813, which is the prototype of the W-92 airplane, is a 
flyingdng jet--propelled airplane having a delta plan form the leading' 
apex of which is 60~. Longitudinal ma lateral control are combined in 
one pair of control surfaces called elevens. Two alternate vertical- 
tail arrangements, which were being considered for the airplane, were 
tested. One configuration consisted of a single vertical tail in the 
plane of .symmetry, the other consisted of dual vertical tails located at 
the wing tips. As originally designed, wing fillets termed by 
Consolidated Vultee "wing plan form dorsal fins" faired the leading edge 
of the basic wing plsn form into the contour of the'fuselage. Because 
of stability considerations, however, the wing fillets have not been 
incorporated into the prototype airplane and were eliminated from the 
spin-tunnel model after a few preliminary tests. 

With the model in its design gross weight loading, the current 
investigation included erect and inverted spin tests for the single- 
vertical-tail configuration, erect spin tests only for the dusl-vertical- . 
tail configuration, and tumbling tests for both tail configurations. 
The investigation also included force tests made for angles of attack 
ranging from 90° to +O". Longitudinal-trim tests for which the model 
was mounted in the tunnel and allowed to rotate freely in pitch about a 
lateral axis were also performed for the normal center-of-gravity location. , 

SYMBOLS AWD c0X3F1cIENTs 

b 

S 

c 

X/E 

m 

1x9 Iy9 Iz 

Ix - IY 

Ia2 

wing span, feet 

wing area, square feet 

mean aerodynamic chord, feet 

ratio of distance of center of gravity rearward of leading 
edge of mean aerodynamic chord to mean aerodynamic chord 

ratio of distance between center of gravity and fuselage I 
reference line to mean aerodynamic chord, -positive when 
center of gravity is below fuselage reference line 

/ 

mass of airplane, slugs 

moments of inertia about X-, Y-, and zbody axes, respectively, 
al%-feet2 

inertia yawing-moment parameter E 

---+ ._e-- _ ,---p --v-b- ..- C I  , .  _-em -~_~ 
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inertia rolUng+noment pmameter 

Iz - Ix 
nib2 

inertia pitching-moment parameter 

P air density, slugs per cubic foot 

cr reiative density of airplane m 
( ) P=J 

a angle between fuselage reference line and vertical, 
approximately equal to absolute value of angle of 
attack at plane of symmetry, degrees 

-v 

91 angle between span axis and horizontal, degrees 

sl 

I CM c.g. 

$ull-scale true rate of descent, feet per second 

full-scale angular velocity about spin axis, revolutions 
per second 

clynamic pressure, pounds per square foot 

lift coefficient (Lift/qS) 

drag coefficient (Drag/@) 
. 

pitc&ing+nomt coefficient (Mz/b/qSE),,where ME/J+ is 
the pitching moment about the 2Fpercent point of the 
mean aerodynamic chord 

pitching+noment coefficient (Mc.,,/qSE), where Mceg, is 
the pitching moment about the center of gravity of 
the airplane 

angle of yaw about the 2rbod.y axis, degrees 

elevator deflection, positive when trailing edge is down, degrees 

aileron deflection, degrees 

rudder deflection, positive when trailing edge is to the 
left, degrees 

~.-- - ~_-- _-- e- _ m-.  
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Model 

The & scale model of the Consolidated Vultee MX-813 airplane was 

built by the mufacturer. It was checked for dimensional accuracy and 
prepared for testing at the Langley Laboratory. At the inception of the 
current tests, two different vertical-tail configurations were under 
consideration. Also, the inclusion of the wing fillets was on a tentative 
basis. The threeview drawing of figure 1 shows the airplane with its 
basic wing plan form and single vertical tail. The dashed lines show the 
shapes and dimensions of the dual vertical tails and the wzing fillets. 
The dimensional characteristics of the airplane as represented by the 
model are given in table I. 

The model with the single vertical tail and with &he dual vertical 
tails is shown in the photographs of figure 2. The wing fillets which 
were included on the m&e1 when it was constructed are shown in both 
photographs. The wing ,fillets, as previously indricated, were removed 
from the model after a few preliminary tests. The full-scale wing area 
with the single vertical tail represented by the model as received from 
the manufacturer and used for the current tests was 375 square feet. 
Although the prototype airplane, as subsequently designeg, hd 425 square 
feet of wtig area, it was felt that the differences in wing area would not 
appreciably-affect the results and therefore no change was made on the 
model. 

As previously indicated, lateral aa longitudinal control are c0mbine.d 
in one pair of surfaces called elevons. Longitudinal control is obtained 
by deflection of the elevons together, and lateral control is obtained by 
differential deflections of the elevons. Hereafter5 in this report, 
elevon deflections for longitudinal and lateral control will be referred 
to, for simplicity, as elevator aa aileron deflections, respectively. 

The model was ballasted with lead weights to obtain dynamic similarity 
to the prototype airplanki at an altitude of 15,000 feet (p = o.oWtg6 slug 
per cubic foot). The weight, moments of inertia, and center-of-gravity 
location used in ballasting the model were obtained from information 
furnished by Consolidated Vultee. 

A remote-control mechanism was installed in the model to actuate tde 
controls for recovery. Sufficient moments were exerted on%he control 
surfaces to move them quickly and completely from the present position to 
the position desired. 
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Wind Tunnel and Testing Technique 

The tests were performed in the Langley 2C-foot free-spinning tunnel, 
the operation of which is generally similar to that described in reference 1 
for the Langley l>foot freespinning tunnel. 

Spin tests.- The launching technique for the model has been changed 
from that described in reference 1 to that in which the model is launched 
by hand with rotation into the vertically rising air stream which is 
adjusted until the force of the rising air stream balances the weight of 
the model. Recovery from this motion is attempted by moving one or more 
controls by means of a remoteGontro1 mechanism. If recovery is effected, 
the model glides or dives into a safety net. Visual observations and 
motion-picture records are made of the motion exhibited by the model. 

& accordance with standard spin-tunnel procedure, tests are performed 
to determine the spinning characteristics of the model for the normal 
control configuration for spinning (elevator full up, ailerons neutral, aa 
rudder full with the spin) and for various other elevator-aileron control 
corribinations involving maximum, intermediate, i32a neutral displacements of 
one or both of these control surfaces. Normally, recovery from the spin 
is attempted by rapid rudder reversal or by reversal of rudder and elevator. 
To evaluate the possible adverse effects on spin ana recovery of small 
deviations from the normal control configuration for spinning, the elevator 
is set at two-thirds of its full-up deflection (stick two-thirds back) 
while the ailerons are set either one-third against the spin (stick left 
in a right spin) or one-third with the spin (stick right in a right spin), 
depending upon which aileron setting will lead to the most critical con- 
dition. For some models, aileron settings in both directions are tested 
if it is not obvious which direction will be aaverse. Recovery from the 
spin is normally attempted by reversing the rudder from full with‘ the lain 
to only two-thirds against the spin. This particular control configura-don 
and manipulation is referred to as the "criterion spin.” 

Cessation of the initial spinning motion imparted to the model at \ 
launching without movement of controls is designated as "no spin." 

. Force tests.- The lift, drag, and pitching+noment data were obtained 
by mounting the model on a six+omponent strain-@,ge balance in the- 
Langley 20-foot tunnel. 

Longitudinal-trim tests.- For the investigation of the langitudinal- 
trim characteristics, the model was mounted at its center of gravity in 
such a manner that the stability Y-axis was the only axis of freedom 
(freedom in pitch). At the test airspeed the model was forcibly dis- 
placed from its normal trimmed position by means of a lcng pole so that 
the angle of attack ranged through approximately k90°. It was then left 
free to assume its original trim attitude or to seek another. Figure 3 

P  ---. - .-_ 
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- is a photograph showing the model as it was mounted for testing in the 
Langley 20-foot spin tunnel. 

Tumbling tests .-Two methods of launching were employed in determin- 
ing the susceptibility of the model to tumbling. For one method, the 
model was held at an attitude approximately 1800 to the vertical air 
stream and was then dropped, thus simulating a whip-stalled conditian. 
For the second method'of launching, the model was again hela at 
approximately 180~ to the air stream and then, however, it was given an 
initial pitching rotation by hand. The resulting motions were observed 
and photographed. 

If a model tumbles with either method of launching, it is taken as 
an indication that the corresponding airplane can tunible although the 
airplane probably would be more likely to tunable if the model started 
tumbling when launched with no pitching rotation. If the model stops 
tumbling after being launched with initial pitching rotation, the results 
are interpreted to me&n that the corresponding airplane definitely will 
not tumble. 

PRECISION 

The model spin test results are believed to be true values given by 
the model within the following limits: 

a,degrees..............................fl 
QI,degrees...............................+l 
V,percent.............................*+5 
sl,percent..............................+2 

1 

Obtained from motion- 
+1 . picture records . . . . . . . . . . . . , -F 

Turns for recovery: +1 Obtained visually . . . . . . . . . . . . . . -z 

The preceding limits may have been exceeded for a portion of the 
spins in which it was difficult to control the model in the tunnel because 
of the wandering or oscillatory nature of the spin. 

Comparison between model and full-scale spin results (references 1 
and 2) indicates that spin-tunnel results are not always in complete agree- 
ment with airplane spin results. In general, the models spin at some- 
what smaller angles of attack, at somewhat higher rates of descent, and 
with 5O to loo more outward sideslip. This comparison was made, however, 
for conventional airplane designs and may not be applicable to the Mx-813 
airplane. 

-- _ __r ,- _. _._ - .__ . -----. - -~- 
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Because of the impracticability of ballasting the model exactly and 
because of inadvertent damage suffered by the model &zing the tests, the 
measured weight and mass distribution of the model varied from the true 
scaled-down values by amounts within the following llmits: 

Weight, percent ....................... 0 to 2 high 
Center-of-gravity location, percent F ................. 0 

rX.................oto8hi gh 
Moments of inertia: IY...............110wto2hig h . 

IZ..................Otolhi gh 

The accuracy of measuring the weight and mass distribution is 
believed to be within the following limits: 

Weight, percent ........... ; ............... +l 
Center-of+ravity location, percent B ................ +l 
Moments of inertia, percent ..................... +5 

The cantrols were set with an accuracy of *lo. 

TEST CONDITIONS 

Tests were performed for the model conditions listed. on table II. 
The mass conditions and inertia parameters for the loadings tested on 
the model (converted to full-scale values) and for the loadings possible 
on the airplane are list& on table III and plotted on figure 4. 

The maximum control deflections used in the tests were: 

Rudders, degrees ................... 30 right, 30 left 

Elevons, degrees: 
I 

As elevators ........... 20 up, 20 a0m 
As ailerons 15 up, 15 clown ' ............ 

_--._ . ^  _ -_ ._~_ _ 
I -  ___ 
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Wtermedlate control deflections tested. were: 

Elevons, degrees: 
Deflected as elevators: 

One-quarter........................ 5up 

Two-thirds . . . . . . . . . . . . . . . . . . 13$ UP, 13L a0m 
3 

Deflected as ailerons: 
One-quqter . . . . . . . . . . . . . . . . . . . 3: up, 3: a0m 

One-third..................... 5q,yaom 

On-half . . . . . . . . . . . . . . . . . . . . +up,$ a0m 
2 2 

Two-thirds . . . . . . . . . . . . . . . . . . . loup, 10 a0m 

The same maximum control deflections were used for both vertical- 
tail configurations. Figure 5 shows the angular deflections of the 
elevons plotted against stick position. 

For all tests, the landing gear was retracted and the cockpit canopy 
was closf3d. 

The force tests were made at a q of 4 pounds per square foot and 

a corresponding Reynolds nuItiber of approximately 0.3 X 106. The tunnel 
turbulence factor is 1.8. The Reynolds nuuiber was.calculated on the 
basis of the model me&n aerodynamic chord of 0.85 foot. No tunnel--wall 
or blocking corrections have been applied to the force data because of 
the small size of the model relative to the diameter of the tunnel. As 
previously indicated, the angle-of-attack range for which the force tests 
were performed was 90° to +O". 

The tests with the model free to pitch were performed. for the normal 
center-ofeavity location of 24 perc.& of the mean aerodynamic chord. 

RESULTS 

The results of the model spin tests sre presented in charts 1 to 4, 
having been converted to full-scale values for the airplane at,an 
altitude of 15,000 feet by methods described in reference 1. The model 
gave similar results when launched with spinning rotation either to pilot*s 
right or left and therefore all spinning results are arbitrarily presented 
for rotation to pilot's right, only. The results of tests to determine 
the effects of elevator movement on the model motion following launching 
for spin tests a;re presented on table IV. The lift, drag, and pitchLng- 
moment data for the model from +O to 90° angle of attack are plottea on 

_- _ --- ._- -. .^ _ -_.__ _ 
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figure 6. The results of the tumble tests 
vertical-tail configurations are presented 

DISCUSSION 

Spin Tests 

9 

for both the single- and aual- 
on table V. 

Single-vertical-tail configuration.- The results of spin tests for 
the model with the single-vertical-ta51 configuration load& to represent 
the prototype airplane in its design gross weight loading (model loading 1 
on table III and figure 4) are given in chert 1. The model would not 
spin for any control configuration. 
for spinning (elevator up, 

For the normal control configuration 
ailerons neutral, and rudder full with the 

spin), the launching rotation was expended rapidly and the model trimmed 
at an angle of attack of 56O. When the elevator was neutral, ailerons 
neutral, the model trimmed in a steep unstalled. dive, and when the elevator 
was full down, the model trimmed inverted at a stalled negative 
attitude (a = -85O). 

With the ailerons set full against the spin for all elevator settings, 
the launched spinning rotation was damped very rapidly and a rolling 
oscillation started which inyreased in magnitude until the model rolled 
continually about the longitudinal body axis. The angle between the 
longitudinal body axis and the air stream was well above the stall for all 
elevator positions. 

For the criterion spin with the ailerons set at one-third of their 
full deflection against the ‘spin, the rolling motion was again evident, 
commencing simultaneously with the cessation of the enforced spin 
rotation. The angle between the longitudinal body axis and the direction 
of the air stream was 75’. Strip film from motion-picture records showing 
the cessation of the hand-forced'spin rotation and the ensuing rolling 
motion is shown in figure 7. 

An investigation of various other intermediate settings of ailerons 
against the spin and elevator up was made to determine the limits of 
control positions (elevator and ailerons) for which steep conditions 
would exist. With the elevator neutral, steep conditions were obtained 
unless the aileron deflection against the spin was one-half the full 
deflection or greater. With the elevator as little as one-fifth up, . 
however, for any aileron-against settings, flat conditions appeared. 
possible. It appears, therefore, that aileronqainst settings should 
be avoided on the airplane and that up-elevator deflections will be 
conducive to flat trim attitudes on the airplane. 

When the ailerons were set with the spin, results similar to those 
for ailerons neutral were obtained. 



10 NACA RM NO. ~~8~26 

The results of tests performed to establish the effect of movement 
of the elevator down during the stalled attitudes resulting when the 
imposed spin rotational motion of the model had ceased are presented in 
table IV. The results indicate that, in order to obtain effective control 
over the stalled trim, movement of the stick somewhat forward of neutral 
should be adequate. Moving the elevator to neutral did not appear 
sufficiently effective while moving the eletator from full up to full 
down caused the model to pitch inverted and to trim inverted at a stalled 
attitude. 

In order to effect recovery from's stalled. attitude which may be 
encountered, it is recommended that the stick be pushed forwasd of neutral 
longitudinally aa neutralized laterally. Care should be exercised to 
keep the stick from reaching its maximum longitudinally forward position 
to prevent the possibility of the airplane triImn.ing on its back. Care 
should also be exercise& to avoid aileronqainst cc&r01 settings. 

The results of preliminary tests made with the single-vertical-tail 
configuration with wing fillets installed on the mogel are presented in 
chart 2. Comparison of these results with those'fz,f chart 1 shows a 
definite adverse effect of the wing fillets in that flat spins were 
obtained for some cont?ol configurations and flat stalled attitudes 
persisted even fdr conditions in which the elevators were neutral. 

Dual-vertical-tail configuration.- The results for the model with 
the dual-vertical-tail configuration (loading 6 on table III qncl 
figure 4) are given in chart 3 and table IV. The characteristics of the 
model with the dual vertical tails are similar to those for the single 
vertical-tail configuration. The rolling motion obtained, when the 
ailerons were deflected against the spin, with the single vertical tail 
did not exist with the dual vertical tail!, but an oscillatory wallowing 
motion existed in its place. It is reco+ded that the same techniques 
for recovery from stalled trimmed cand.i%ions recommended for the single- 
vertical-tail configuration be used for the dual-vertical-tail 
configuration. 

Inverted spins.- The results of the inverted spin tests performed 
on the model for the single-vertical-tail configuration are-given on 
chart 4 for launching rotations to the pilot's right. The order used 
in presenting data for inverted spins is different from that used for 
erect spins. For inverted. spins, "controls crossed" for the establishedfr 
spin (right rudder pedal forwad and stick to pilot's left for a -spin to- 
pilot*s right) is presented to the right of the chart and "stick back" at 
the bottom of the chart. When the controls axe "crossed' in the estab 
lished inverted spin, the ailerons aid the rolling motion; when the 
controls sre "together," the ailerons oppose the rolling motion. The 
angle of wing tilt 9 on the chart is given as up or down relative to 
the ground. 

_- __~~~ --.- -.- 
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For all control configurations, except those for which the controls 
were together and the stick was neutral, two-thirds or full forward 
longitudinally, the model would not spin but was violently oscillatory 
in roll, generally rolling continually about the longitudinal body axis 
or rolling to an erect attitude. The ensuing motions were, in general, 
similar to those described for erect spin tests with similar control 
configurations. The inverted spins obtained were smooth and steady and 
at high angles of attack (a = 76O to 82O). Recovery from the spin in 
which the stick was longitudinally full forwad was effected in one 
turn by rapid full rudder movement against the spin. Following recovery 
from this spin, the model dived steeply with some oscillation in roll. 
Recovery was not attempted from the other spins but the results of tests 
for all three spins when launched with the rudder preset full against 
the spin (left rudder pedal forward, when launched dth rotation to the 
pilot's right) were similar, indicating rapid recovery characteristics 
for all spins. The results indicate that recovery from any inverted 
spin obtained should be possible by reversing the rudder and neutralizing' 
the stick laterally and longitudinally. 

Loading variations.- Inasmuch as the spin and recovery characteristics 
of the model with the single and dual vertical tails installea were very 
similar, it appears that the difference in loading between the two 
conditions (load.in.gs 1 and 6 on table III and figure 4) had little or no 
influence on the spin and recovery characteristics and it was therefore 
felt that the spin and recovery characteristics of the model for the 
other possible loadings for the prototype airplane (table III and 
figure 4), would be similar to the results presented in charts 1 an& 3. ' 

Static Force Tests 

The results of the static force testb sre presented in figure 6: 
The three elevator positions of full up, neutral, and full down were 
used in obtaining the force and moment data. 

With the elevator full up, the pitching-moment curve (CM against C-J,) 
indicates a trim condition for the model at a = 600 in figure 6(a) which 
is in good agreement with the spin results where it was shown that the 
model trimmed at a =‘ 56O following cessation of the spinning rotation. 

, In figure 6(b) for 6, = O", two trim conditions are shown for the 
model, one in the normal angle-ofettack range and the other above the 
stall (a aphroximately 54O). Force and moment results for a delta wing 
plan form, with no fuselage, obtained at approximately the same Reynolds 
ntier have been compared to the results for the model at 6, = 0' and 
are shown in the same figure. -It may be inferred from the compadson 
that the highly stalled trim attitude, shown possible for the model, is 
due to fuselage interference. Dynamic test results for the same control 
configuration (chart 1) show only'k steep trim condition following 

_~-. “-- ____^ ~_. _ e-e- _. ~._ _ _ ._ 
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cessation of launching rotation. Tests of elevator movement (table IV), 
however, show that when the elevator is moved from up tp neutraz, 
recovery from stalled attitudes (existing when the devator was up) was 
not sufficiently reliable to be considered satisfactory, indicating some 
influence of the apparent second trim condition with elevators neutral 
as shown in figure 6(b). 

Reference to the results obtained for the elevator-full-down setting 
given in figure 6(c) shows a neutrally stable condition @CM/d% 
approximately 0) ti the positive angle-of+dtack quadrant (O" to 90') and 
a trim condition at a high negative ele of attack (a = -6OO). For the 
spin tests, the model trimmed at a similarly high negative angle of attack. 

Figure 6(d) presents a comparison between pitching-moment data 

obtained for the subject model and that obtained for a I --scale model 
12.78 

of the MX413 airplane in the GALCIT W-foot wind tunnel at 6, = O". 
The data show good agreement up to CL = 1.0. Above CL = 1.0, however, 
in the stalled region, there is a discrepancy as the data show the subject 

model to be unstable and the i&% -scale GALCIT model to be stable ti 
pitch. This discrepancy in the respective stability characteristics of 
the two models in the region of the stall may be attributed to the 
Reynolds nuniber difference at which the two models were tested; the 
Reynolds nuder for the GALCD tests was 2 X lo6 while that for the 
current tests was 0.3 X 106. Insofar as the GALCI!I tests, which were 
performed at the higher Reynolds numbers, more nearly approximate full- 
scale conditions,the force data obtained for the spin model should be 
regarded as being conservative as regards longitudinal trim characteristics. 

LOngitudinal4Prim Tests 

The results of the longitudinal-trim tests show that with the model 
mounted in the tunnel on a lateral axis through the normal center-of- 
gravity location, trim attitudes were obtained for three elevator 
settings which qualitatively verified the results of trim attitudes 
obtained for the spin ana static force tests. These results are qot 
published in detail in this report. 

Tumbling Tests 

The results of tumblrzlg tests with the single-vertical-tail configu- 
ration and with the dual-vertical-tail configuration are presented in 
table V. As explained previously, two methods of launching the model 
were employed: for one method the model was launched from a nose-up 

.~. __ _.. __. _.~ .~. _ - 
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position to simate a whip stall; for the second methoa, the model was 
given an initial tudling rotation about a lateral axis. The results 
indicate that for either tail configuration the mod& exhibited no 
tendency to tuxtible. Whether launched from a nose-up position to simulate 
a whip stall or given an rlnitial pitching rota-Han about a lateral axis, 
the pitching rotatian was heavily damped. 

CONCLUSIONS 

The following conclusions have been made based on Qnamic and static 

tests which were performed on a &-scale model of the Consolidated Vultee 

MX-813 airplane in its design gross weight loading in the Langley 2O-foot 
free-spinntigt~el: 

1. The airplane will not spin erect but may trim at high stalled 
angles of attack when the stick is back longitudinally. Neutralization 
of the stick laterally and movement of the stick forward of neutral is 
recommended to regain upstalled flight. Aileran-egainst settings should 
be avoided. 

2. The airplane may spin inverted when the controls are together and 
may trim inverted at high stall& angles of attack whan the stick is 
forward longitudinally. Rapid rudder reversal is recommended to terminate 
the spin and neutralization of the stick laterally end movement of the 
stick rearward of neutral is recommended to regain unstalled flight. 

3. The airplane will not tumble. 

Langley Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va. 

'!itii$?S~+ ' 
Aeronautical Reiearch &&&ist 

. 

Richard P. White 
Aeronautics,& Research Scientist 

Approved: 

KBC 
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TAKE I.-DIMEWSIONAL CONSOLlDATEDWL!l?EE 

MX-813 AIWLARE AS .FKUXlLm ON TRE $)dxm SPIN hmDm 

Length, over-all, feet 41.37 41.37 

wing: 
span, feet 
Area, square feet 
Section, parallel to aIrplane center line 
Mean aerodynamic chord, feet 
Leading edge B b0hha leading apex 

angle wing, inchee 
Sweepback of leading edge of wing, aegrees 
Tip chord, inches 
Root chora, inches 
Wing dihedral, degrees 
Taper ratio 
Aspect ratio 
Center of gravity to eleven hinge, feet 
Center of gravity to rwlaer hinge, feet 
Elevon : 

Chord behind hinge 1Ine (canstent), 
inches 

Area of each elevon behind hinge line, 
square feet 

Single vertical tail 

29.42 22.83 
375.0 366.4 

NACA 65(oo6yO06.5 NXA 65~O06ym6.5 
16.99 16.99 

3005.8 
0 
0 
2.32 

10.53 
11.86 

34.4 34.4 

33.2 25.73 

Vertical tail: 
Total area, square feet 
Rudder area behind hinge line, 

equme feet 
Chord behind hinge line (constant), inches 

67.0 

13.4 
19.2 

Aspect ratio (b2/S) 

0 

Dual vertical tail8 

1%-g8 
68.6 

305.8 
0 
0.224 
1.42 

10.53 
U.86 

47.26 each 

7.3 each 
21.0 
1.28 

____-. .- _-- - _. .~ _-~_ _ ,-. -. _ - _ 
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spin tests 

Simulated full-scale loading Type of launching Model configuration Data presented in 

Design gross weight Erect Bpill Single vertical tail chart 1 

Design gross weight --------do------- Single vertical tail .chast2 . 
and wing fillets 

Design gross weight _____-_ a- ______ Dual vertical tail chart3 

Design gross weight Inverted spin Single vertical tail chart4 

Dynamic elevator movement tests 

Design gross weight 

Design gross weight 

Erect spin Single vertical tail 

-______ do- ______ Dual vertical tail 

Tmhllng tests 

Table I? 

Table IV 

Design gross weight TldtWlg Single vertical tail Table V 

Design gross weight _-__-_ do- ______ Dual vertical tail TableV ' 

TABLEIL-MUDEL COIKDITIOX3TEX?E3D ONTHE &-SCALEMODEL OF THE MG813AIELANE 

(a) Dynamic Tests 

-- 



. : t.. - : 
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TABLE II.- MODEL COMDITIONS TESiYED ON THE &-SCAIB MODEL 

OF THE m-813 AIRPLANE (Concluded) 
3 . 

(b) Static Testsa F 
E 

I 
I Elevator Aileron Rudder %  

Model configuration X/c’ setting, 6, setting, 6, setting, 6, Data presented in 
bb3) @ed (@3J 

Single vbrtical tail 0.241 -20 0 0 Figure 6 

Single vertical tail .241 0 0 0 Figure6 
. 

Single vertical tail .241 20 0 0 Figure6 

, 

&4 = 4 pounds per square foot; q = 0'; Reynolds number = 0.3 X 106. 
e 
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TABLE III.- MASS IsrIcsAHD - 'ZW&CE8 DiFamm PATa??S IFOR vARlmus lLuamos xJs3Dm OR THE co-m 

VOLTB Mx-813 AIFPLAm ANDFaiTRsLoADIwsTR~oHTss~ouEL 

~~1 ValUea BPB glVen BB C~eSpOnbing aisle values; ~~t6 Of inertia are given abOUt the Center Of ~~~1 . . .: . . . . - 

0. 

- 

- 

1 

2 

3 

4 

5 

- 

CeJltelcof~aTlty Reltative 
airplane 

Momnts of inertia 
1ocatian -SW (P) (alup-f&2) 

Loahing ue1gtlt 
(lb) 

z/E z/E Sea Altitude 
1fmel 15,000 feet Ix IY 12 

Airplane values, (a) ml& 0ertica.l tail 

13.73 21.82 b,llO 

12.23 19.4 3,920 

10.74 

32.46 

12.0 

17.07 3,748 

lg.81 3,945 

19.08 3,902 

0.241 

.241 

.241 

.226 

.* 

-76 x 10-4 

-86 

-99 

-85 

-6-l 

8l8XlO~ 

916 

041 

9 

93 

).co2 

.002 

.oQ2 

.002 

.m 

3,270 8,629 

x%985 2g>3%6 

?6,730 

27,029 

26,925 

29,149 

29.423 

4,309 

-742 x 10-4 

-830 

-!a 

-83.5 

-844 

Dee&% em88 ll,600 
vei&t 

Desi@ ~FXIS 10,337 
ve12ht less 
112 fuel 

Daeiep ,qwss 9,075 
weight less 
all fuel 

Des@ EPOBB 100,529 
veight - mEIt 
forvardcsnter 
0f@wl~ 

Deaf& moss 10,143 
weight - nwst 
re-a 
Csnt%rOf 
EmTw 

1 1 IJesigrl lp3se l&a8 
weight 

0.240 0.014 )4.eo 1 =.g3 j3>989 27,619 29,557 
I 

-754x104 

nirplane wlue~, (a) ati vetiid tails 

I I 
0.241 0.002 18.11 28.79 4,721 2-7,061 30,475 -wO x 1O-4 -182x10-4 1372 X lo+ 6 !DW;;~~OBS lllrM0 

mad value.3 

] 
6 De&n woes 11,598 0.241 0.002 l.8.10 28.78 4,713 27,078 30,560 -n92 x 10~ -186 ~10~ 1378 x 10" 

weight 
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C H A R A c p E R I s p I C S C F T H F e M C D E L .  

@ vator  m v e d  w h e n  l aunch ing  ro ta t ion h a d  d a m p e d ;  des ign  grcss we igh t  ( l oad ings  1  a n d  7  o n  tab le  III 
a a  f Q u r e  4); l and ing  g e a r  re t rac ted ;  cockpit  c losed;  m a d e ?  full Wi th  di rect ian Of  rotat ion] 

5 6  

5 6  

6 4  

4 2  

7 1  

A l l e r O n  
posi t icn 

E leva to r  
l JoEmau t  

A n g l e  of  attack of  m o d e l  
be fo re  e levator  

D lcvement ,  (L  
( d e d  

Behe t i o r  Of  m o d e l  f 0 m m l n g  e lewtor  ImTemt  

Siug lever t . ice l  tal l  

H.3l l t re l  Fu l l  u p  to 
neu t ra l  

5 6  M o d e l  p i tches tc a =  3 7 0  ap~rcx lmste lg ,  a n d  
e f te r rmkiqcue ~p i ra l i ng tumg l idesa t  
a  somewha tma l l e runs ta l l edang le  of  attack 

Ful l  u p  to 
l /4 d c u n  

5 6  M o d e l  p i tches tc very s teep  a n &  of  attack 
(cc c lose to 0')  a n d  d ives at  this at t i tude 
o r  a  e m ? U  nega t i ve  at t i tude (a  =  - 59  

Ful l  u p  to 
l /2 d o w n  

5 6  M o d e l  p i tches to very s teep  a n &  of  attack 
(a  d0se  to o" )  a n d  a ives cut 8t g m n u  
nega t i ve  at t i tude (a  =  - loo)  

DO-- - -  Fu l l  u p  to 
3 /4  d -  

M o d e l  p i tches Inver ted a n d  tr ims in  a  s ta l led 
inver ted  at t i tude ( 0 ~  =  - 65’, appr0r imate l .v )  
g l i de  

D O  ----- lu l l  u p  to 
ful l  d o w n  

M o d e l  p l tchea  inver ted  a n d  tr ims in  a  s ta l led 
inver ted  att i tude (a  =  -650 .  apprcx imate ly )  
@ d e  

Ful l  w i th  ? @ w . l  u p  to 
neu t ra l  

M o d e l  p i tches to a.  =  44 '  a n d  tr ims in  this 
s ta l led at t i tude wi th  a l igh t  ro l l ing  
osoi l l .at icu 

D o  ----- 

Fu l l  
a g a d  

l ieut re l  to 
ful l  
dcvn  

Beu t re l  to 
ful l  
d a m  

Mcdelp i tchest i  a=sc  mda f te rane  
sp i ra  turn, ro l la  inver ted  a n d  d ives 
et  a = - 2 0 0  

M o d e l  p i tches to G  =  650 ;  r e m a i n i n g  in  this 
s ta l led at t i tude ccmmences  rcU.Ug a b o u t  
the lcq i tud lna lbodyads  ( rc lagmt icn 
IS  wi th  e l lercns)  

I hEL l  ve?Yt lce l  tai ls 

Hml t re l  Fu l l  u p  to 
neu t ra l  

6 1  I 40ad  pi tches tc a  =  25 :  apprcx in&ely ,  t hen  
d ives ou t  rol. l . iq a b o u t  lcngi t l la ina l  b o d y  
a r ia  

Ri l l  u p  to 
l /4 d a m  

6 1  M o d e l  p i tchee  tc (L  =  9;  appmx imnte ly , then  
d ives cut at  this at t i tude 

- u p w  
l /2 d c u n  

6 1  M o d e l  p i tches to a  =  31c  a n d  & i d e s  cut 
e i ther  (a)  erect  O F  (b)  rc l le inver ted  a n d  
g l ides  cut inver ted  

DO-- - -  Fu l l  u p  to 
3 /4  d a r n  

6 1  M o d e l  p i tches tc a  =  4 8 ’ then  rcxls to 
inver ted  at t i tude for wh ich  a  =  - f jOc e n d  
tr lns in  @ d e  at  this at t i tude 

DC.-----  P i l l  u p  to 
full 
d a m  

6 1  M o d e l  imed ia te ly  p i tch8 to 8 n  inver ted 
at t i tude (a  =  -60 ' )  & d  t r im In a  & . i de  at  
this at t i tude 

_ ~ ._. _  _  -~-.. 



NACA R&l No. SL8G26 

TABLE P.- TUMELlTlG TJISES 

bi@ WOES Weight (10adi~8 1 and 7 on table III and figure 4); landing gear 
retracted; Cockpit Closed; rudder UeUtral~ 

--- 

SineJe vertical tail 
- 
clevetm AilerCm Tunnel airapOea 
3etting setting (ft/sec full scale) Behevlcr of mdel fcllcuiq release 

(a) Mode.1 launched nom up to simulete a whip stall 

UP if.3Utral 147 'Tumbling rotation heavily damped-model 
. trims in a steep glide after $ 

revolution in pitch 

bUtl%l Beutrel 147 Model made $to1~turnsintumb1ethan 
trimmed inverted in (a) a spin or (b) began 
to roll about the langitudinal body axis 

DClUll neutrel 147 !l'umblingrotatim heetily dampedmdeltrim 
ina&ide @rali~~totheri&tafterl 

to 1; pitching.revolutlons 

(b) Model @en an initial pitching rotation about a lateral axis 

UP Aeutrel 147 Modeln~~G1~turns in tumble thentrinmed 
in a steep @de 

bUtZ8l 147 Modelmade+urn intumblethentrimmedin 
a steep glide 

Dcm lleutral 147 Modelmade ,+nintu&lethentrimmadin 
a steep @de 

Duel verticel taile 

(a).Model launched mxe up to aMate a whip stall 

UP 147 Model made +rn In tumble then trima in a 
glide 

Iif3UtXELl 147 Model made ~t0itmnhtumbiOth~~0ma 

about the lcmgitudlnal body axAs 

Dam B9UtXal 147 Mcdelmakes gtc $turnintumblethentrima 
ina@.idewithrollingaudyevlng 
cecilleticus 

(b) Model given an initial pitching rotation about a lateral ads . 

neutral 147 Modelmakee;turnthm trims Ina&idewlth 
yewwg csollletims 

R3UtTEll Helltral 147 Mcdelnakee; to ; turn in tumble then &idea 
cutwithrolUngmdyewlng cscillatims 

DoTill I7elltral 147 Modelmakee )+lrnintumblethen~aesulth 
slight rout43 ana ~Uvins 0mud.i0n6 

,_ -... -- . -- -_ . . . . . . _ _. - _ 
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CHANT l.- FREE-SPINIIIND CHARACT~STICS OF THE &SCALE HODEL OF THE CONSOLIDATED WLTEE H&g13 AIRPLANE WITH 
SINOLE VERTICAL TAIL 

. 
,&!aaIgn gmoa wslght (model lcadlng 1 on table III and ilgure 4); landing gear retraoted; cock~lt olcood; nodal lsunohad In 

an moot ottltudo with the Nddor fixed iull vlth the dlreotlon or rotetlcn; mtotIon to pllct’o right] 

~ilerona neutral Allorono l/3 with Ailerons rull with Ailerons lull 
Al lOR AIler< l/z agn1not Allerono 

I 

/3 sgalnat Allaro i l/4 aga1nat 2/j against 

0 

Elerntcr 
l/5 “P 

Launohlng rctatlon 
dnmpo In it-an 2 to 5 turna: modal 
rLmom* in a 
stalled glldo 
turning 010w1y to 
tho right; sngls 

‘or ettsok 0r gllda 
1s 560. 

L Elevator 
2/3 UP 

L 
’ Elevator 

2/3 “P 

I 

Lnunohlng rctatlon 
dampo In b-l/U 
turns; mode1 rolls 
oontlnually about 
longltudlnal body 
axlo; angle bshree 
thla nxls nnd xlnd 
dlreotlon rnrled 
r0r dirrmnt 
tset4 rrm 270 to 
490. 

cntinuelly about 
ongltudlnol body hl 0 3 iz 

ii 

8 

I 

Lounohlng rot et ion 
dampa In iron l/2 
to l-l/% turno: 
model e1voo 
eteep1y.. 

thls’axli and wind 
dlreotlon mrlod 
r0r dirreront tents 
mm 160 to 57% 

Elevator nautrol 

Y 

tntml 
P 

ml10 
about 

$2;~ 

r1oa 

6e9Bfete 

I 
<  FOtOtIon 
l-1/2 

,dal dlroo 

5 rctat1on 

‘t:Rma1-1/2 
100 toian 
attituea 

1ngi0 or 

sxia arter about 
4 to 6 turn8 or 
launohlng rotatlcn; 
angle betwon 
lcngItudInsl body 
axis nnd wind 
e1reot1on 18 710. 

L¶“nohIng rctet1on 
dawn In 5-l/2 
turns; modal rolls 
oontlnoally about 
longltudlnal body 
axle; angle bstwes 

400. I- 

this axIs ana YInA 
dlreotlcn vorlod 
r0r dirr.3t-m tents rmm 120 to 

I 

“nohlng rotation 

model r0ii4 00nti- 

- 

i 

1ITot1on varlsd 
ror dimrent taoto 
rrwa -50 to 260. 

c L 

Lwnohlng rotatlor 
da a In rr0m 3p 
to%/2 turno. 
model alroa tO’on 
Inrorted attltudo 

%I 

Lnunohlng rotation 
eoclpa 1n 1 turn; 
medal m11a oontl- 
nuslly about 
lcngltudlnal body 
~~1s; snglo betwe 
this a*10 nnd vlnd 
41rsot1cn IS ago. 

ey”:;t to !: -l/2 
modol Al7 r Inoartad 

%;fe” t . 

%odol would not opln. 
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CHART 2.- FREX-SPINNING CHARACT &SCALE MODEL OF THE CONSOLIDATED 
VULTEE K-g13 AIRPLANE WITH-THE SINGLE VERTICAL TAIL AND THE WING FILLETS 

INSTALLED 
besign gross welght (model loading 1 on table III and figure 4); landing gear retracted; 

cockplt closed; model'launched in an erect attitude with the rudder fixed full with 
the direction of rotation; rotation to pilot's rlghg 

. 

a 
Launching rotation 
damps in from 2 to 
5-l/2 turns; model 
rolls continually 
about longitudinal 
body axis; angle 
between this axis and 
wind direction la 46O 

a R 

Launching rotation 
damps in 2-l/2 turns; 

Launching rotation 
damps in from l-1/2 

model remains In a to 2 turns; model 
stalled glide turning remains in stalled 
slowly to the right; glide; angle of 
angle of attack of 
glide Is 48'. 

attack of glide Is 
430. 

P)n G ;;- 1 I c 1 
a 

SeEZnst ;j :Ll 1 oy16 1 iz 

r! =J 

i31 
Ailerons 

0 full 
against 

186 0.33 , 

70 I 2D I 

a6 I 0.26 I 

Launching rotation 
damps in 6 turns; 
model oscillates 
violently in roll 
and yaw with no 
distinct trim 
attitude. 

aModel would not spin. 

Launching rotation 
amp8 In from 2 to 
3-1/2 turns; model 
remains in a stalled 
glide turning slowly 
to the right; angle 
of attack-of-glide 
IS 46O. 

Ailerons 
full with 

Launching rotation 
damps in 6-l/2 
turns; model dives 
Into an Inverted 
attitude. 

Model values 
converted to 
corresponding 
full-scale values. 
U inner wing up 
D inner ulna down 

3 

Launching rotation 
damps In from 1 to 
2 turns; model remain 
In stalled glide; 
angle of attack of 
glide is 500. 

L 

kunchlng rotation 
Pamps in 4 turns; 
noael dives into an 
Lnverted attitude. 

pggj 

- _ ..- ._ 
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CHART 3.- FREE-SPINNING CHARACTERISTICS OF THE 2'0 --SCALE MODEL OF THE CONSOLIDATED 
WILT5 %gl3 AIRPLANE WITH DLJAI;:‘VERTICAL TAILS 

@esIgn gross weight (model loading 6 on table III and figure 4); landing gear retracted; 
cockpit closed; model launched In an erect attitude with rudders fixed full with the 
dlrectlon of rotation; rotation Into pilot's righa 

r 

g-1/2 turns; model 
oscillates violently 
In roll and yaw going 
rrom erect to Invert- 
ed attltude repeated- 
1Y. 

Launching rotation 
damps In from 2 to 
L3/4 turns; model 
remains In a stalled 
glide turning slowly 
to the right; anile 
of attack of glide 
IS 61O. 

hunching rotation 
lamps In from 1 to 
? turns; model 
>ltohed Into a dive; 
Pngle of attack of 
Slve Is 17O. 

m 
2 
: 
B 
ii 
,o 
5 
8 0 
E 

a 
8 

II 
damps In l-lb turns; 
model remains In 
stalled glide; angle 

a 

Ailerons 

Launching rotation 
damps In from 3-l/2 
to g turns; model 
oscillates violently 
In roll and yaw going 
from erect to Inverted 
attitudes repeatedly. 

Launching rotation 
damps In from 10 to 
15 turns; model 
oscillates violently 
In roll and yaw going 
from erect to Invert- 
ed attitudes repeatef 
lY. 

Launching rotation 
damps In from 4 to 
7-l/2 turns; model 
dives steeply. 

Launching rotation 
damps In 2 turns; 

dlerons mqdel dives steeply 
'ull with rolling with the 

- ailerons. 

I . 

G k% 

-I- 
ta i-i=: 

a 62 a 

model dives steeply 
tending to go 

Launching rotation 
damps In 3 turns; 
model dives steeply 
tending to go 

Model values 
converted to 
corresponding 
full-scale values. 

Launching rotation 
damps In 12 turns; 
model pitches to a 
steep attitude 
t$ndIng to go Invert- 

. 

'Model would not spin. 

U Inner wing up 
own 

__. _-_- .-- ~-. ._ -- 
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CHART 4.- INVERTED SPINNING THE &-SCALE HODEL OF THE 
CONSOLIDATED VULTFE MX-i313 AIRPLANE WITH SINGLE VERTICAL TAIL 

@esIgn gross weight (model loading 1 on table III and figure 4); landing gear retracted; 
cockpit closed; model launched In an Inverted attitude with the rudders fixed full with 
the direction of rotation except as otherwise Indloated; 
recoveries attempted by rudder reversal 

rotation to pilot's right; 

. . . . . . ,... 
. . . 

.:.. : 
. . 

l . 

,: . 
. 

. . .: 
. . 

e . 

b 

[ 
51 

, 
I 
1 

1 
, 

Launching rotation 
damps in b-1/2 turns; 
model rolls erect 
then continues rollln 
about the longltudlna 
body axis or remains 
In a glide. 

Launching rotation 
damps In l-1/2 turns; 
model rolls erect 
and continues rolling 
about longitudinal 
body axis; angle 
between this axis 
and wind direction 
Is about &go. 

lamps In 4 turns; 
model rolls continual 
ly about longltudlnal 
body axis; angle 
between this axis and 
wind direction Is 
300. 

0 t 

Launching rotation 
damps In 3 turns; 
model rolls erect 
and contlnties rolling 
about longitudinal 
body axis; angle 
between this axis 
and wind direction 
is about 35O. 

I 

Stick a 
l/3 right 

Stick 
l/3 left 

ly about longitudinal 
body axis; angle 
between this axis 
and wind direction 
Is 550. 

I 
b b I 

E 5 

I 
b 

Launching rotation 
damps ln l-3/4 turns; 
model rolls erect 
aa continues rolling 
about longitudinal 
body axis; angle 
between this axIs 
and wind direction 
varying from 290 to 
&lo for different 
tests. 

Stick 
left 

TiiizGs 
crossed) 

Launching rotation 
damps In 5 turns; 
model rolls continua 
ly about longltudl- 
nal body axis: angle 

rolls erect'then 
continues rolling 
about the longltudl- 
nal body axis or 
remains In a glide. 

between-this axis- 
and wind direction I I 
is 550. . 

, 

I I I I 
I 

M ox 
z”s ma 

b I b 
Launching rotation 
damps In 4-l/2 turns 
model rolls erect 
remaining in a 
stalled glide with 
rolllng and pitching 
osclllatlons; angle 
of attack In the 
glide varied from 16 
to 60° during a test 

Launching rotation 
damps In l-3/4 turns; 
model rolls erect and 
continues rolling 
about the longltudl- 
ml. body axis. 

Launching rotation 
damps in l-1/2 turns; 
model rolls erect and 
continues rolling 
about longitudinal 
body axis; angle 
between this axis 
and wind direction Is 
about 54O. 

aModel launohed with rudder fixed 
full against the direction of 
rotation. 

bMode1 would not spin. 

Model values 
converted to 
corresponding 
full-scale values. 
U Inner wing up 
D Inner wing down 

(d:g) (d!g) I 
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Figure 1.- Drawing of a &-scale model of the Consolidated Vultee MX-813 
airplane as tested in the free-spinning tunnel. Center of gravity is shown 
for the design gross weight loading. 
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(a) Single-vertical-tail configuration. 

(b) Dual-vertical-t&i1 configuration. 

Figure 2.- Photographs of the ’ --scale model of the Consolidated Vultee 
20 

MX-813 airplane. . 
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Figure 3.- The -&- scale model of the Consolidated Vultee MX-813 airplane 

mounted for lgigitudinal-tri gley 20-foot spin tunnel. 
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Figure b- Inertia parameters for loadings possible on the Consolidated 
Vultee NIX-813 airplane and for loadings tested on the &-scale model. 
(Points are for loadings listed in table III.) 
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Figure 5.- Elevon deflections used on the 6 -scale model of the MX-8i3 

airplane for various control stick positions for the single- or dual-vertical- 
tail configurations. 
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Figure 6.-. Aerodynamic characteristics of the 1 -scale model of the Consolidated Vultee MX-813 
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airplane (wing fillets removed) with si 
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Figure 7.- Typical motion of the $-scale model of the MX-813 airplane with 
the ailerons set against the spin, following launching with spinning rotation. 
CamFra speed 64 frames per second. 
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